We calculated for several sizes and concluded that cylindrical structure (before thermal reflow) with the radius of 175 um and the height of 10 um had suitable numerical aperture to focus the image to the CCD image sensor with a pixel size of 3 um. Due to the protecting glass, the focal length of the micro-lens should be above 670 um. Considering the thickness of the micro-lens layer (about 200 um) and focusing distance afterwards, the focal length should be generously determined. We determined 1.2 mm as the focal length of the micro lens. There are plenty of models to get the focal length of 1.2 mm. Three different models were calculated based on the height (H) of the cylindrical structure. As the H increases, the corresponding numerical aperture (NA) increases. For H = 5 um, NA = 0.095. For H = 10 um, NA = 0.134. For H = 20 um, NA = 0.186. In this paper,
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Table shows the minimum spot size and numerical aperture of the micro-lens when the radius of the micro-lens is fixed to 175 um. Figures show the changes in the numerical aperture and the focal length as the radius of the micro-lens increases. There is inversion relation between the numerical aperture and the focal length. Figure S1 . Changes in focal length and numerical aperture as radius increases when H = 5 um. Red and yellow lines are reference line. Red line refers to minimum focal length and yellow line, desired focal length in this paper. 
